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8 Claims.

The present invention relates generally to
thermionic tube circuits, and more particularly
to such circuits as are used for measuring high
voltages by producing low voltage waves corre-
sponding in form to the high voltage waves, for
example for monitoring or measuring purposes,
and the invention also includes the provision of
a thermionic tube suitable for use in such cir-
. cuits.

An important object of the present invention is
to provide an arrangement for measuring high
voltages without drawing excessive power from
the voltage source on the one hand or requiring
expensive and delicate instruments for measur-
ing very small currents, on the other hand.

Another object of the invention is to provide
a tube voltmeter arrangement which has a wide
range of operation and may be used to measure
direct current voltages, and mean or peak values
of high frequency alternating current voltages.

When & simple resistance potentiometer is
used for obtaining a low voltage which is a given
fraction of the total voltage applied across the
potentiometer, the total potentiometer resisance
must be extremely high if the power dissipated
therein is to be kept low., On the other hand,
this means that the current flowing is extremely
small and therefore a sensitive and expensive
instrument must be employed for measuring the
current ‘in the potentiometer or the voltage
across a portion thereof.

In accordance with the present invention, a
vacuum tube is used as one portion of the po-
tentiometer and & resistance as the other por-
tion. The voltage developed across the resist-
ance may be measured by means of a sensitive
instrument but preferably, in further sccord-
ance with the invention, a second vacuum tube
is employed as a current multipller so that a
more rugged and less expensive measuring in-
strument may be used. The invention will,
" however, be better understood by reference to
the accompanying drawing wherein Figure 1
shows the potentiometer arrangement;

Figure 2 shows a preferred construction for
the tube indicated in Figure 1; and

Figure 3 shows the potentiometer connected

to a current multiplying tube.

Referring to Figure 1 there is shown a poten-
tiometer comprising the discharge path between
anode A and cathode C of tube { connected in

series with resistance R. A meter 4 is also con-

nected to read the current through R from which

current the voltage drop across R my be inferred.

It is, of course, alternatively possible to connect
& high resistance voltmeter across R. When an
unknown high voltage is. connected between
anode A and ground as indicated by the plus
sign, the potential of cathode C will rise to &
value which Is g fraction of the total voltage ap-
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mined by the geometry of the tube elements and
substantially independent of the cathode emis-
slon of the tube and of the exact resistance at R,
provided that R'is sufficiently high. This result
may be proved mathematically but may also be
readily seen from the following considerations:
Since R is assumed to be very large, the cur-
rent flowing through the tube and R in series
must be very small, But a high voltage is im-
pressed upon the anode and therefore the tube
current can only be small provided that the
cathode Is more positive than the grid by an

-amount which is almost sufficient to cut off the
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space current of the tube. Since the grid Is con-
nected to ground what happens then is that the
cathode potential will rise and approach but not
quite reach the potential required for complete
cut off. The potential required for complete cut
off is, as is well known, determined solely by the
amplification constant of the tube, that is, by its
geometry, and is independent of the emission
from the cathode, and also of the resistance used
at R. -

If the amplification constant is made high, the
potential of the cathode will be a small fraction
of the total voltage impressed on the anode and
therefore the problem of measuring the original
high 'voltage is transformed into the measure-
ment of a relatively low voltage.

However, a direct measurement of the volt-
age across high resistance R requires an expen-
sive instrument and therefore a suitable type of
vacuum tube voltmeter is preferably connected
across R, such as is shown in Figure 3. In Fig-
ure 3 tube { is again the potentiometer tube and
R the resistance across which the fractional .
voltage appears. The lower end of R is con-
nected to a slider 18 but for the moment let us
consider this slider to be at ground potential.
In this case it will be seen that tube (5 has its
grid connected to the cathode of tube { and that
the voltage across R is impressed between
ground and the grid of tube (5. A resistance {7
is connected between the cathode of tube (6 and
ground and & source of plate current is con-
nected between the plate of tube {5 and ground. -
This source of plate.current is indicated at (8 as
a transformer but for the sake of preliminary ex-
planation it will be assumed that a battery is
substituted for transformer 19 with its negative
end connected to ground and its positive end to
the anode of tube (5. With the assumptions
just enumerated, it is well known that any
change in the potential of the grid of tube (5
will cause a substantially equal change in the po- -
tential of the cathode of this tube provided that
the resistance of 17 is large compared to the re-

- ciprocal of the transconductance of the tube. A
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plied, this fraction being substantially deter-

tube operated in this manner is known as a
“cathode follower” tube.
Since the transconductance of a tricde may
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easlly exceed several thousand micromhos this
condition may be satisfled by a value of consid-
erably less than one hundred thousand ohms at
" 17 s0 that a relatively inexpensive voltmeter may
be connected across 17 or a relatively high cur-
rent meter in series therewith, as indicated at
{4, for indicating changes in the cathode poten-
tial. The operation of the arrangement shown
in Figure 3, still assuming slider {8 to be con-
nected to ground and a plate battery connected
between ground and anode of tube {8, is as fol-
lows:

Prior to the application of high voltage at the
point marked -, there is a normal reading of
current at 14. When the high voltage iIs applied,
the resulting voltage across R is applied to the
grid of tube 18 and this in turn causes a substan-
tially equal change in the potential of the cath-
ode of tube I8 and hence a change in the read-
ing of instrument 4. Thus, & relatively inex-
pensive instrument (4 may be calibrated to read
directly the high voltage applied at the point
marked +.

The slider 18 may be ddjusted on resistance 11
in order to bring the current in 14 to a desired
value in the absence of high voltage at the point
marked 4. This, however, does not change the
operation of the system as far as the proportion-
ality. between the changes in reading on meter
14 and the changes in potential of the anode of
tube | is concerned. Furthermore, it has been
found that tube 15 will act as & rectifler in con-
junction with an alternating voltage supply {9
so that a direct current plate potential source is
not necessary. Condenser 20 smooths out the
current through the resistance branch 1. If a

further condenser 22 is connected as shown in

dotted lines, the arrangement will indicate the
peak value of varying voltages applied to the
anode of tube | since this condenser will charge
up to a potential substantially equal to the peak
value of the voltage appearing at the cathode of
tube I. In like manner, the dotted condenser n
connected across R in Figure 1 causes the aver-
age potential of the cathode C to follow the pos-
itive peak value of variation of the potential
impressed on A so that an instrument adapted
to indicate the direct current voltage across R
will indicate peak values of the voltage to be
measured. Auxiliary winding 21 of transformer
19 is provided for energizing the heaters of the
tubes.

For the purpose of reducing the high voltage
to be measured to a relatively low value, & tube
of high amplification constant is desirable and
in particular a tube having wide spacing between
its anode and other tube elements so as to per-
mit the application of the high voltage to the
anode without danger of flashing over.

Also in an arrangement such as that shown in '

Figure 1 or Figure 3, it is desirable to keep the
amplification M of the valve | constant both
when the valve is replaced by another and from
one part of the valve characteristic to another.
For this reason the control grid of valve |
should be of close mesh and arranged at a con-
sederable distance from the cathode. Also the
field at the grid and cathode due to the anode
must be small, and not dependent critically on
the dimensions of the tube. Uncontrolled emis-
sion and ieakage from anode to cathode must be
absent.

One preferred form of tube design to meet
these requirements is shown in Figure 2 of the
sccompanying drawing.
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In Plgure 2, as in Pigure 1, the reference let-
ters C, G, and A represent respectively the cath-
ode, control electrode and anode of a valve. The
cathode C is of the indirectly heated type and is
in the form of g cylindrical shell having within
it a heater element, the whole being supported
on press § of the valve by means of supporting
and lead-in wires 8, three in number, two of
which are traversed by the heater current and-
the third providing the connection between the
cathode and the circuit in which the valve oper-
ates. The grid G is arranged co-axially about
the cathode, being spaced therefrom by insulat-
ing spacers such as 7 and 8, and has two bell-
like or dome shaped shields 9 and 10 one at each
end, shield 9 constituting a cap and part 10
forming a skirt., These shields 9 and I8 prevent
the formation of leaky films on the insulators
when the valve is “gettered” and also uncon-
trolled emission from the cathode, and are pref-
erably, though not necessarily, electrically con-
nected with the grid G. The anode A consists
of a ring of thin wire, which is preferably
broken at least at one point so as to prevent its
destruction by eddy current heating when the
valve is gettered. The anode A may be held in
position by a plurality of, for example, three
springs attached to the glass bulb, these springs
not being shown in the drawing. One of the sup-
port springs may serve as a lead-in wire to the
anode, being provided with a terminal appropri-
ate to the voltage to be measured,

It will be seen that in the arrangement of Fig-
ure 2 by making the anode A of fine wire, the
field strength at the grid due to the anode is
made small. Furthermore, if the diameter of
the anode is more than three or four times that
of the grid, the value of the amplification fac-
tor M will not depend greatly on the accuracy
with which the anode is positioned.

In a further suitable construction of valve,
the grid is constructed in a longitudinal slot in
a cylinder. The cathode and the shields con-
nected to the grid, are placed outside the cylin-
der, the anode being arranged as a thin rod
along the axis of the cylinder. In this construc-
tion also, the field at the grid due to the anode
is small and is not dependent on the precise po-
sitioning of the anode.

We claim:

1. In a thermionic valve circuit arrangement,
a thermionic valve having a cathode, an ahode,
and a control electrode associated with shield-
ing means for preventing the cathode and the
cathode lead having 'a large capacity to the
anode, said tube having a predetermined dy-
namic impedance, said tube having a predeter- -
mined internal resistance, a resistance element
which is high as compared to the internal resist-
ance of the tube, said resistance element being
connected between said cathode and a point at
a fixed potential, and means for maintaining
said control electrode at a steady potential with
respect to said fixed potential, the arrangement
being such that when said cathode is connected
to said point and said control electrode is main-
tained at said potential and such a high positive
potential is applied to the anode of said valve

.that an appreciable anocde current flows, the end

of said high resistance adjacent the cathode ac-
quires a potential relative to said fixed potential
which is substantially a fixed fraction of the
potential applied to said anode.

2. In combination with a thermionic tube hav-
ing an anode, a cathode and a control electrode,
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a high resistance connected between said'cath-
ode and ground, a second thermionic tube hav-
‘ing an anode, a cathode and a control electrode,
means for connecting said last named control
electrode to said first named cathode, means in-
cluding a second high resistance for connecting
the cathode of said second tube to ground, a con-
denser shunted across said second high resist-
ance, a source of anods potential connected be-
tween the anode and cathode of said second
tube, the arrangement being such that potential
variations on the control electrode of said sec-
ond tube are substantially reproduced on the
cathode thereof, a current measuring instrument
arranged substantially in series with said second
high resistance in such manner as to be capable
of giving an indication of the potential of the
cathode of said second tube, and a connection
between the control electrode of the first tube
and ground for maintaining said control elec-
trode at substantially ground potential.

3. In an arrangement for producing a voltage
which is substantially a fixed fraction of a volt-
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age to be measured, a thermionic tube provided

with an anode, a cathode and a control electrode,
said tube having a predetermined internal re-
sistance, resistance means the value of which is
high as compared to the internal resistance of
the tube, connected between the cathode and a
point of fixed potential, means for maintaining
said control electrode at a potential which is
steady with respect to said fixed potential and
in the vicinity thereof, means for applying said
voltage to be measured between the anode of
said tube and said point of fixed potential in such
polarity as to cause an appreciable flow of anode
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current through the tube, the value of said re- -
sistance being sufficiently high so that the end -

thereof adjacent the cathode acquires a poten-
tial relative to said fixed point which is substan-
tially a fixed fraction of said voltage to be meas-
ured.

4. In combination with a thermionic tube hav-
ing an anode, a cathode and a control electrode,
said tube having a predetermined internal re-
sistance, a resistance whose value is high as com-
pared to the intcrnal resistance of the tube, said
resistance being conhnected between the cathode
of the tube and a point of fixed potential, a con-
nection having substantially zero impedance be-
tween the control elecirode and said point of
fixed potential, means for applying substantially
high positive potentials to said anode with re-
spect to said point of fixed potential, said resist-
ance being sufficiently greater than the inter-
nal resistance of the tube so that with potentials
applied to said anode of sufficient magnitude to
cause an appreciable flow of anode current, the
"end of sald resistance adjacent the cathode ac-
quires a potential relative to said fixed potential
which is substantially a reduced image of the
potentials applied between the anodc and the
point of fixed potential. ’ : .

5. In an arrangement for measuring large po-
tential differences, a thermionic tube having an
anode, a cathode and a control electrode, said
tube having a predetermined value of internal
resistance and comparatively wide spacing -be-
tween its anode and its other elements whereby
high voltages may be applied to the anode with-
out danger of flashing over, a resistance con-
nected between the cathode of the tube and a
point of fixed potential, said resistance being
large as compared to the internal resistance of
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pedance for connecting the control electrode to
the point of fixed potential whereby the tube
presents a low effective cathode impedance,
means for applying the potential to be measured
between the anode and the point of fixed poten-
tial, said resistance being sufficiently large as
compared to the internal resistance of the tube
so that upon application of the voltage to be
measured as aforesaid, the end of the resistance
adjacent the cathode acquires a potential rela-
tive to the fixed potential which is substantially
a fixed fraction of the voltage applied to the
anode, and means for measuring said fractional
voltage. ‘ ’

6. In a high impedance voltage divider device
which is adapted to develop across one portion
thereof a volfage which is g substantially fixed
fraction of the total voltage applied across said
device, an electron discharge tube including an
anode, a cathode, and a grid electrode, a resist-
ance element, said resistance element being con-
nected in series with the space path of the tube
across the voltage to be divided with one end of
the resistance connected to the cathode of the
tube, a connection between the other end of the
resistance and the grid electrode of the tube, the
value of said resistance being large compared
with the internal resistance of the tube whereby
the voltage developed. across said resistance is
a fraction of the voltage to be measured which
fraction is substantially independent of varia-
tions in the internal tube resistance, and means
for indicating the voltage across said resistance.

7. The arrangement deccribed in the next pre-

_ceding claim whercin the last named means com-

prises a second tube having an anode, a cathode,
and a grid electrode, said last named grid elec-

trode and cathode being connected so as to be -

energized by the drop across said resistance ele-

‘ment, and a second resistance connected -to the

cathode of the second .tube and in the path of
said energization and means for indicating the
drop across said second resistance.

8. In a high impedance voltage.divider device,
a first tube having an anode. a cathode, and a
grid electrode, a sccond tube having an anode, a
cathode, and a grid electrode, means for con-
necting a voltage to be divided between the
anode of the first tube and a point of fixed po-
tential, means for connecting the grid electrode
of the first tube to said point of fixed potential,
a conductor connected between the cathode of
the first tube and the grid of the second tube, a
connection between the cathode of the second

. tube and said point of fixed potential, said con-

nection . including a series high resistance ele-
ment, a second high resistance eclement con-
nected between the cathode of the first tube and

" a point of said first named high resistance ele-
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the tube, means having substantially zero im- 75

ment, a condenser connected between the cath-
ode of the second tube and the point of fixed
potential, a source of anode potential for said

second tube connected between the anode there-
of and the point of fixed potential and means
for indicating the drop across said first named

-high resistance element, the value of said sec-

ond named resistance element being large as
compared with the internal resistance of the first
named tube whereby the voltage developed
across said resistance is a fraction of the voltage
to be divided, which fraction is substantially in-
dependent of variations in the inte.nal resist-
ance nf said first named tube. :
CABOT SEATON BULL.
ALAN DOWER BLUMLEIN.




